Although many studies have investigated the association between serum sex hormones (total T [TT], FT) and the risk of MS, 5,7 only a few have focused on the role of serum SHBG in MS especially in the Chinese population. Therefore, we conducted this study in a large sample from the Chinese population to ascertain whether serum T or SHBG is an independent and dominant factor for the risk of MS.
INTRODUCTION
Metabolic syndrome (MS) is a cluster of components including visceral obesity, insulin resistance, hypertension, glucose intolerance, and dyslipidemia that substantially increases the risk of type 2 diabetes mellitus and cardiovascular disease. 1 It has been reported that the prevalence of MS in the adult population was estimated to be 29.0% in Koreans, 2 32 .3% in Indians 3 and 34.3% in Malaysians, 4 according to the definition of the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III).
Serum testosterone (T) consists of three components, which are (1) T bound to sex hormone-binding globulin (SHBG), (2) T bound to albumin, and (3) free T (FT). Traditionally, FT is considered the main component with hormonal activity, and serum SHBG is considered a transport protein for T to target tissues, regulating the circulating concentration of FT. Previous research has shown that low serum T levels are closely associated with MS and its components. [5] [6] [7] [8] [9] [10] There is evidence that T supplement therapy can decrease visceral fat and ameliorate insulin resistance, suggesting that serum T plays a protective role in men with MS. 11 However, recent research demonstrated that serum SHBG can directly exert effects on cells by binding to its receptor and acting as a hormone. 12 Another study also indicated that serum SHBG concentrations, but not serum T levels, were independently associated with the risk of MS. 13 These findings have conflict with the dominant role of serum T on the risk of MS.
ORIGINAL ARTICLE
Is serum sex hormone-binding globulin a dominant risk factor for metabolic syndrome? sex hormone levels, the exclusion criteria were defined as follows: (1) previously or currently diagnosed malignancies, corticosteroid use, or presence of liver cirrhosis; (2) T replacement, T supplement, or androgen-deprivation therapy use, 5-α reductase inhibitor treatment, or history of orchiectomy; and (3) current hypothalamus-pituitary disease, acute cardiovascular disease, or acute or chronic renal failure. After screening, 3332 participants were included in the data analysis.
Questionnaires
Data regarding sociodemographic and general health status, medical conditions, medications, and lifestyle were obtained from the questionnaires. Alcohol consumption was defined as one or more alcoholic drinks, including beer, wine, and spirits, per week. Smoking status was classified as never or smoking.
Clinical and laboratory measurements
Height, weight, body mass index (BMI), hip circumference (HC), and waist circumference (WC) were measured to the nearest 0.1 kg and 0.1 cm. WC was measured at the midpoint between the inferior costal margin and the superior border of the iliac crest on the midaxillary line. BMI was calculated from the weight (kg) divided by height (m). Blood pressures were measured twice after resting for >15 min by well-trained nurses using a mercury sphygmomanometer, and the average values were included in analyses. A single fasting venous blood sample was obtained from each participant in the morning (before 9 a.m.). Serum samples were measured together in batches in the central laboratory of the Beijing Coordinating Center. Fasting plasma glucose levels and serum levels of total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) were measured using a Chemix-180 biochemical analyzer (Sysmex, Kobe, Japan). TT, SHBG, and luteinizing hormone (LH) levels were measured using a Beckman UniCel DXI800 automatic chemiluminescence immune analyzer (Beckman Coulter, Fullerton, California, USA). The lower limits of the TT, SHBG, and LH levels were 0.35 nmol l , respectively. The intra-assay coefficients of variation (CVs) for TT, SHBG, and LH were 2.7%, 4.8%, and 3.8%, respectively. The mean inter-assay CVs for TT, SHBG, and LH were 5.6%, 5.3%, and 6.4%, respectively. The FT index (FTI) was calculated as T divided by SHBG, and the T secretion index (TSI) was calculated as T divided by LH. Calculated FT (cFT) concentrations were obtained from serum TT, SHBG, and albumin concentrations using the methods proposed by Vermeulen et al. 
Statistical analyses
Statistical analyses were performed using SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA). Continuous variables were represented as mean ± standard deviation (s.d.), and categorical data were represented by number (n) and percentage. Comparability between the two groups was tested using the independent two-sample t-test for continuous variables and the Chi-square test for categorical variables. Mean sex hormone levels were compared by one-way analysis of variance by number of MS characteristics in subjects with MS, and post hoc multiple comparisons were assessed using Bonferroni's protected least significant difference test. Spearman's correlations were used to determine the associations between hormones and each MS characteristic. The MS characteristics were dichotomized (1 = the presence or 0 = the absence of a particular criterion, e.g. elevated blood pressure) and entered into the multiple regression equation with hormone level as the predicted outcome. Linear regression models (unadjusted and adjusted) were used to assess the association between MS status (as the independent variable) with various continuous and binary outcome variables. Logistic regression analysis was performed to analyze the odds ratios (ORs) of sex hormone parameters associated with subjects with MS. 95% confidence intervals (95% CIs) were estimated to describe the magnitude of associations. All statistical assessments were two-sided, and P < 0.05 was considered significant.
RESULTS

Subject characteristics
The characteristics of the subjects are shown in Table 1 . From a total of 3600 invitees, 3332 Chinese men aged 20-89 years were recruited with a mean age of 54.69 years, including 1, 158 subjects with MS and 2, 174 subjects without MS. The prevalence of MS in this population was 34.7%. Mean weight, height, BMI, WC, HC, waist to hip ratio, TC, and FTI were significantly higher (P < 0.001), whereas mean TT, SHBG, and TSI were notably lower (P < 0.001) in the MS subjects compared to the non-MS subjects. No significant differences in age (P = 0.877) and cFT (P = 0.627), LH (P = 0.087), and LDL (P = 0.076) levels were found between the MS subjects and the non-MS subjects.
The impact of increasing numbers of metabolic syndrome characteristics on serum total testosterone, sex hormone-binding globulin, and calculated free testosterone levels It is interesting that mean serum TT levels, especially for mean serum SHBG levels, gradually declined with the addition of MS characteristics (P < 0.05), whereas mean serum cFT levels were unchanged (P > 0.05) ( Table 2 and Figure 1 ).
Associations between sex hormones and each metabolic syndrome characteristic
The correlations between serum TT, SHBG, and cFT and each MS characteristic are presented in Table 3 . There were significant correlations between serum TT and SHBG and each MS characteristic (except for SBP). However, a weak inverse correlation or no correlation was detected between serum cFT and each MS characteristic. Moreover, there was a stronger trend in the correlation coefficient of serum SHBG compared to that of serum TT with regard to WC, HDL, TG, DBP, and BMI.
In multiple linear regression analysis, all the characteristics of MS were significantly and inversely associated with serum TT and SHBG levels, and their significance persisted after adjustment for smoking and drinking status and age (Table 4) . Nevertheless, elevated BP was still significantly associated with serum SHBG levels (β = −0.062, P < 0.01), but the association with serum TT levels was lost (β = −0.012, P = 0.504), after further adjustment for BMI.
Associations between sex hormones and metabolic syndrome
In logistic regression analysis, the significant associations between serum TT and SHBG levels and MS persisted after controlling for potential confounders, such as age, BMI, and smoking and drinking status (P < 0.01) (Tables 5). Furthermore, the significant association between MS and serum SHBG persisted after adjusting for TT (OR 0.962, 95% CI 0.954−0.969, P < 0.01) ( Table 5) . However, the association between serum TT and the risk of MS was not significant after adjusting for age, BMI, SHBG, and smoking and drinking status (OR 0.981, 95% CI 0.960−1.007, P = 0.164) ( Table 5) .
DISCUSSION
This cross-sectional study evaluated the associations between sex hormone levels and MS among Chinese men. The prevalence of MS defined using the NCEP ATP III criteria was found to be 34.7%, which is close to that in previous reports in China. 16, 17 Our results are consistent with many findings of cross-sectional and longitudinal epidemiological studies in Australia 18 and Korea, 19 in which serum TT and SHBG levels were lower in men with MS. In accordance with Maggio's findings, 20 the results from our study reveal that there is no significant difference in serum cFT levels between subjects with and without MS. Moreover, the mean serum cFT level correlated less with the characteristics of MS than with serum TT and SHBG levels, which is similar to the findings from other studies. 19, [21] [22] [23] [24] However, some reports were inconsistent with our findings. 25, 26 Therefore, the association between serum cFT and the risk of MS or MS characteristics is equivocal. 25, 27 One possible explanation for this discrepancy is the mean age of the study population because a stronger association has been observed in younger men. 5 Furthermore, the inverse association between serum cFT level and MS tended to be weaker among studies that adopted the NCEP ATP III criteria. 5 Another possible explanation is that serum TT levels decrease in moderately obese men along with a reduction in serum SHBG-binding capacity while serum cFT levels decrease only in severely obese men for whom LH pulse amplitude is reduced. 28 Further studies investigating the correlation between serum cFT levels and MS are required to confirm this relationship.
The most interesting finding from our study was that the associations of serum TG, HDL, WC, and DBP with serum SHBG levels were stronger than those with serum TT. The potential mechanisms underlying these associations remain poorly elucidated. Serum SHBG levels positively correlate with serum adiponectin concentrations, and lower levels of serum adiponectin are associated with MS. 29, 30 In addition, serum SHBG may exert direct or indirect effects on HDL cholesterol metabolism and regulate glucose homeostasis and fatty acid metabolism. 31, 32 After adjusting for smoking and drinking status, age, and BMI in our multiple regression analysis, all MS characteristics remained significantly associated with serum SHBG concentrations, but the association between BP and serum TT level was eliminated. These findings are consistent with those of epidemiological studies reported previously in Australia. 18 Recent research also showed that serum SHBG, but not serum TT, was associated with increasing BP. One possible explanation for this contradiction is that there is a stronger association between serum SHBG levels and renin concentrations in men with hypertension, which could be a new pathway for the direct effect of serum SHBG on BP control. 34 It is not clear whether serum TT level is associated with the prevalence of MS independently of serum SHBG level and vice versa. In a recent study from southern China reported by Zhang et al. 35 both serum SHBG and TT levels were inversely and significantly associated with the prevalence of MS independently of one another. In the logistic regression analysis from the present study, we also found that both serum SHBG and TT levels were inversely and significantly associated with MS after adjusting for age, BMI, and smoking and drinking status. However, after further adjusting for serum TT, serum SHBG remained inversely associated with MS while serum TT was not inversely associated with MS after further adjusting for SHBG. In contrast to Zhang's study, 35 in which the mean age of subjects was 37.6 years, our study was performed in a relatively older population of Chinese men, with an average age of 54.69 years. Our findings are consistent with a study reported by Bhasin et al. 13 who showed that serum SHBG concentration, but not serum TT concentration, is an independent predictor of incident MS. The effects of serum SHBG concentration on MS may be induced by the following: (1) mediation of steroid hormone signal transduction at the plasma membrane; 36 (2) production of a direct effect in endothelial cells through the SHBG receptor; 37 and (3) direct effects on the cell by binding to its receptor, acting as a hormone. 12 Finally, recent research demonstrated that single nucleotide polymorphisms of the SHBG gene (rs6259, rs3760213) affect not only serum SHBG levels but also the risk of MS in Han Chinese men, suggesting a potential causal role for serum SHBG. 38 Thus, serum SHBG concentration may be an independent and dominant risk factor for MS.
There are several strengths to our study. First, it included a large sample size (n = 3332), and participants were community-dwelling and comprised a wide age range (aged 20−89 years). Furthermore, potential confounders such as age, drinking, smoking, and BMI were adjusted for our analyses. Finally, three different geographic regions in China were selected, which is more representative of the Chinese population than only one geographical region. However, there are some limitations to this study. First, serum estradiol levels were not measured, so its role in the risk of MS could not be evaluated. Second, the chemiluminescence immunoassay used in the present study is less accurate than LC-MS in determining sex hormone levels, but it is commonly used in epidemiological studies with large sample sizes. 39, 40 In conclusion, the results from our study reveal that both serum TT and SHBG levels, but not serum cFT levels, are inversely associated with the characteristics and prevalence of MS. Serum SHBG level, but not serum TT level, is an independent and dominant risk factor for MS. The role of serum SHBG concentration in MS should be taken into consideration for further studies.
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